ABSTRACT: Little information is available on the influence of temperature on plastic films wrapped okra (Albelmoschus esculentus) for their postharvested conservation. This works investigated the influence of the temperature and PVC film on the development of chilling injury and storability from one of the most popular Brazilian cultivar of okra cv. Amarelinho in fruits stored at 5, 10ºC and at 25ºC. Fruits were harvest at commercial maturity stage with length ranging from 8 to 12 cm, and immediately wrapped in PVC over a polystyrene tray and than stored until visible deterioration or wilting symptoms. Lowering the temperature of storage room from 25 to 10 or 5ºC decreased the weight loss in both PVC wrapped and control fruits, with a lower rate at 5ºC. By reducing the temperature to 5 or 10ºC and wrapping the fruits in PVC film, the relative water content of the fruit pericarp was maintained throughout the storage, while at 25ºC the high weight loss was associated with significant reduction of the water content. The development of chilling symptoms was delayed by the presence of PVC film in fruits stored at 5ºC. However, at 10ºC symptoms of pitting were not developed in PVC wrapped or control fruits up to tenth day of storage. The rate of chlorophyll degradation was diminished by reducing the temperature and by wrapping the fruits with PVC film. The appearance of severe chilling symptoms at 5ºC was associated to less chlorophyll in the fruit pericarp on the control as compared to their content in the PVC wrapped fruits. Key words: Albelmoschus esculentus, chilling injury, PVC film, relative water content, chlorophyll
INTRODUCTION
Okra (Albelmoschus esculentus) is a well known tropical vegetable extremely popular on the diet of large part of human populations living in developing countries. In Brazil, okra is used as an important ingredient in stews, soups or consumed as steamed vegetable. Commercially, fresh pods are usually marketed in open street markets or supermarkets without any kind of temperature or humidity control. Consum-ers identify the loss of fruit quality by the external yellowing and by the toughening or lack of tissue rupture of the apical pod when twisted with the fingers.
The fresh pods of okra have an extremely short shelf life mainly due to high respiration and water loss rates (Tamura & Minamide, 1984) . Although the water is the major component of fruits and vegetables, water loss of 5 to 10% can cause reduction quality showing shriveling and toughening of the tissues on most of them. Furthermore, as many other fruits and vegetables originated from tropical and subtropical regions, okra suffers chilling injury if stored below certain critical temperature. However, there are only few experiments showing the influence of storage temperature on the development of chilling injury on this vegetable. Okra should be stored at temperatures above to 9ºC in order to avoid the development of chilling injury disorder, which includes pitting and discoloration (Lyons & Breidenbach, 1987; Salunkhe & Desai, 1984) . Baxter & Waters Jr. (1990) successfully stored pods of okra for 12 days at 11ºC without development of chilling injury symptoms in the American breed cultivar. But, for one of the most popular cultivar grown in Brazil, no previous work was done to evaluate its sensibility to dehydration and chilling injury.
Either by increasing the CO 2 and by reducing the O 2 at storage atmosphere or by decreasing the rate of water loss from the product, an alleviation of the chilling symptoms can be observed in fruits stored under chilling inducing temperatures (Thompson, 1998) . In banana, the modified atmosphere generated by wrapping bananas in non-perforated polyethylene bags resulted in less visible symptoms of chilling when compared with control fruits (Nguyen et al., 2004) . Similar results in reducing the chilling development were observed in grapefruit coated with different kinds of commercial waxes on fruits stored at 4ºC for two months (Dou, 2004) . This paper presents results of one experiment designed to evaluate the influence of temperature and film wrap on the weight loss, relative water content, chlorophyll degradation and development of chilling injury symptoms on fresh pods of okra.
MATERIAL AND METHODS
Okra fruits cv. Amarelinho with length ranging from 8 to 12 cm were harvested at Viçosa (652 m a.s.l., 20º45' S e 42º51' W), Minas Gerais State, Brazil, brought to the laboratory, cleaned with wet cloth and allowed to air dry. About 250 g of fruits were arranged in polystyrene trays over wrapped with polyvinyl chloride (PVC), while the control fruits were kept in open trays. All treatments were placed at temperatures of 5ºC, 10ºC with relative humidity of 95% and at 25ºC with 85% relative humidity.
The water content on the pod pericarp was measured by the relative water content (RWC) of 0.8 cm diameter disks, which were saturated with water in moistened absorbent tissue paper, followed by drying the disks in an oven at 65ºC until constant weight was achieved (Catsky, 1974) . The RWC of the pericarp disks were estimated according to the formula as follow: RCW = Fresh weight -(dry weight) [(Saturated weight -dry weight)] -1 . Total chlorophyll of the pod pericarp was extracted with 80% acetone and estimated at spectrophotometer at 645 and 663 nm, according to the method described by Arnon (1949) . Weight loss from each treatment was measured by weighting every day the trays and the data were expressed as percentage of loss from the initial fresh weight.
Chilling injury incidence on the pod surface is manifested as pitting spots associated with a brownish discoloration. The severity of symptoms was visually estimated using the follow ranging stages: 0, absence of symptoms; 1, less than five brown pitting spots; 2, more than five and less than ten brown spots; 3, more than ten and less than fifteen brown spots; and 4, more than fifteen brown spots.
Trays were arranged in a completely randomized design with four replicates containing at least ten fruits each tray. The data were subject to analyses of variance using the SAEG software (UFV) tested at the 5% probability level. Regression modules were applied for the weight loss and relative water content of the fruits, selecting the models based on biological significance and higher R 2 .
RESULTS AND DISCUSSION
Regardless the storage temperature or the wrapping in the PVC film the storage weight loss rate was linear, showing higher weight loss rates with the increase in storage temperature, in both PVC wrapped and control fruits (Figure 1 ). Accumulated weight losses of 10% or higher caused freshness loss which was identified by the lack of tissue rupture when the pod tip was twisted. Storing the fruits at 25ºC and 85% RH without PVC film reduced freshness before completing the second day of storage (Figure 1 ). Only by PVC wrapping, the increase in the fruit shelf life was extended by at least 3-fold and the freshness losses were evident after seven days of storage (Figure 1) . Such alternative is feasible for the Brazilian market current characteristics, because in most of the retail stores little refrigeration facilities are available ei-ther for okra or other vegetables, mainly due to their low commercial value when compared to imported fruits like apples, peaches, pears, grapes and plums.
Lowering the temperature of storage from 25 to 10 or 5ºC reduced the weight loss in both PVC wrapped and control fruits. Ten days after harvest the weight loss was under 5% for those fruits stored at 10 or 5ºC plus PVC, while the freshness losses for the unwrapped fruits started on the third and fifth day, respectively (Figure 1) . Similarly to okra, PVC film significantly reduced the weight loss of strawberry and sweet cherry, both in cold storage and room temperature, extending their shelf life (Çelikel et al., 2003a; Çelikel et al., 2003b) .
Except for the fruits stored at 5 and 10ºC and wrapped with PVC, the continuous weight loss through storage affected the relative water content of the fruit pericarp in all remaining treatments, which declined more intensely in those fruits with higher rates of weight loss (Figures 1 and 2) . The highest trend of water loss was observed in fruits stored at 25ºC without PVC, followed by those wrapped with PVC, accounting for water losses of 2.651 and 1.105% per day, respectively (Figure 2 ). In kiwifruit, the relative water content of the outer pericarp also showed continuous decrease after harvest when the fruits were placed in ventilated chambers at room temperature (Burdon & Clark, 2001 ). The relative water content for the fruits stored at 5 or 10ºC and PVC film wrapped remained almost unchanged, because only 2.0% of the water was lost in ten days of storage. But, if the storage temperature was kept at 25ºC, the influence of the PVC film was less efficient in maintaining the water within the tissues, because near 13% of water from the fruits were lost in ten days (Figure 2) . Thus, by measuring the lowering of the temperature and by the wrapping the okra with PVC, their initial water status was kept throughout the whole storage period. The development of chilling symptoms in okra stored at 5ºC was inhibited by the presence of PVC film (Figure 3) . The maximum severity of symptoms -grade 3 -developed in fruits stored at 5ºC was showed by the intense pitting spread over the whole pod surface ( Figure 4B ). The PVC film delayed the development of pitting at fruit surface until the forth day of storage, while on the unwrapped fruits, the surface pitting started on the second day after harvest (Figure 3) . However, no pitting symptoms developed in fruits stored at 10ºC in both PVC wrapped and un- wrapped okra throughout the ten days of storage (data not shown). Similar to okra, modifying the atmosphere by packing or coating the fruits reduces the low temperatures chilling effects on bananas and grapefruit, respectively (Nguyen et al., 2004; Dou, 2004) . Storing peppers under chilling inducing temperatures at 1ºC, but wrapping with perforated and non-perforated polyethylene bags, delayed the development of the symptoms in both with higher benefits for the perforated bags (Kosson, 2003) . However, in sweet basil, the storage of cuttings under controlled-atmosphere had no effect in alleviating the development of chilling at 5ºC (Lange & Cameron, 1998) . The responses of fruits and vegetables to chilling inducing temperatures and the influence of controlled atmospheres on the development of symptoms are extremely variable and strongly dependent of the species genetic basis (Watkins & Pritts, 2001) . In American okra cultivars, the storage in polyethylene bags at 3ºC also had similar effect in reducing the symptoms of chilling if compared to boxed pods (Perkins-Veazie & Collins, 1992) . The temperature and the PVC affected the rate of chlorophyll degradation of the okra pods. Higher decrease in chlorophyll concentration was observed in those fruits stored at 25ºC without the presence of the PVC film, followed by the fruits wrapped in PVC (Figure 5 ). The lowest rates of chlorophyll degradation were detected in fruits stored either at 5 or 10ºC wrapped with PVC film, which showed similar trends in both temperatures, dropping the chlorophyll content from 35 to 31 μg g -1 FW from harvest to the tenth days of storage ( Figure 5 ). However, higher rates of pigment breakdown were detected when the fruits were kept without PVC, falling to 23 and 27 μg g -1 FW by the eight day after harvest at both 5 and 10ºC, respectively ( Figure 5 ). Thus, regardless the temperature of storage, the PVC film was enable to reduce the rate of chlorophyll breakdown in okra, but for the unwrapped fruits, the temperature of 5ºC hastened the chlorophyll degradation.
CONCLUSIONS
The PVC film is effective in reducing the weight loss and keep the water content of okra regardless the temperature of storage used. The modified atmosphere induced by the PVC film reduces the chilling injury development in fruits stored at a damaging temperature of 5ºC. Storing the fruits at 25ºC induces quick chlorophyll degradation, which is avoided by lowering the temperature to 5 or 10ºC and wrapping them with PVC film. The appearance of severe chilling symptoms is associated to lower chlorophyll content in the fruit pericarp. 
